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In this paper we establish comparison results by which oscillating and asymptotic 
properties of solutions of forced differential equations with diviating arguments of 
the form 
d 1 d --- 
dta,-,(t)dr ... $&$ x(t)+H(t,xCg(t)l)=Q(f, 1 
are inherited from the same properties of solutions of the unforced ordinary 
equation 
d 1 d --- 
dta,-,(t)dr 
“’ d~L(l)+H(t,x(t))=o. 
dt al(t) dt (**I 
The obtained results extend the oscillation criteria of Trench and Kusano and 
Naito to the more general equation (e). Q 1989 Academic PI-S, h. 
1. INTRODUCTION 
We consider the forced functional differential equation 
&At) + ff,(t, -G?(f)l) = Q*(f,, n is even, 
where 
L&t) =x(t), L,x( t) = +) Wk- ,x(t))., 
k 
k=l,2 ,...) n,a,=l, .=; ; 
( > 
ai,g,Q,: [to, m)-+R=(-co, co), HI: [to, co)xR+R are 
continuous,a,(t)>O, i=l,2 ,..., n-l,lim,,,g(t)=co,and 
sgn H,(t, x) = sgn x for t > t,. 
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The domain D(L,) of L, is defined to be the set of all functions 
x: [to, co) + R such that L,x(t), j= 0, 1, . . . . n exist and are continuous on 
[t,, co). Our attention is restricted on those solutions x E D(L,) of Eq. (I) 
which satisfy sup{ Ix(t)l: t > T} > 0 for every T> t,. We make the standing 
hypothesis that Eq. (I) does possess uch solutions. A solution of Eq. (I) is 
called oscillatory if it has arbitrarily large zeros; otherwise, it is called non- 
oscillatory. Equation (I) is said to be oscillatory if all of its solutions are 
oscillatory. 
We are interested in comparing the oscillatory behavior of Eq. (I) with 
the oscillatory behavior of the equations 
Mnx(t) + HA6 xCg(t)l) = Qz(t), n is even (11) 
and 
M,x(t) + HAf, xCdt)l) = 0, n is even, (III) 
where 
Mclx(t) =4th MkX(t) = &) Wk- ,x(t))‘, 
k 
k=l,2 )...) n,b,=l, 
bi, 6, Q2: [to, co) + R, H,: [to, co) x R --f R are continuous, 
b,(t)>O, i= 1, 2, . . . . n- 1, lim,,, o(t)=co, and sgnH,(t,x) 
=sgnx for tat,. 
In [S], Kartsatos and Onose compared the oscillatory behavior of 
Eq. (I) with that of Eq. (II) when L,x= M,x =x(“). On the other hand, 
Chanturija [l] compared the oscillatory behavior of Eq. (I) with that of 
Eq. (II) when Q,(t) = Q2(t) = 0 and g(t) = t. Therefore, the first purpose 
of this paper is to extend the results of Kartsatos and Onose [5] and 
Chanturija [ 1 ] to more general equations of type (I) and (II). We also 
make use of Philos’ results in [9] and compare the oscillatory character of 
Eq. (III) with the oscillatory character of ordinary differential equations of 
type (III) and hence we generalize the oscillation criteria due to Kusano 
and Naito [8] and Trench [lo] to more general equations of the form 
of (I). 
In a recent paper [2], Grace and Lalli compared the oscillatory 
behavior of Eq. (II) with that of Eq. (III) when g(t) = a(t) and the 
operators L, and M, are identical. Thus, the second purpose of this paper 
is to extend our result in [2] to more general equations of type (II) and 
(III). 
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For related comparison results regarding the oscillatory and asymptotic 
behavior of differential equations with or without functional arguments, or 
forcing terms, the reader is referred to the papers of Chanturija [ 11, Grace 
and Lalli [2], Kartsatos [4], Kartsatos and Onose [S], Kartsatos and 
Toro [6], and Philos [9] and references cited therein. 
2. MAIN RESULTS 
We begin by formulating some preparatory results which are needed for 
our main results. 
For the continuous functions pi: [to, co) + R, i = 1, 2, . . . . we define 
I()= 1 
Ij( t, s; pi9 -7 PI)=IIPj(“)zj~,(rr,S;Pj-,,...,P,)du, i= 1,2, . . . . 
s 
It is easy to verify that for i = 1, 2, . . . . n - 1 
and 
litt, s; PI 7 ...Y Pi) = J’ Pit”) zi- ICz, u; PI 9 ...T pi- 1) fh 
* 
The following two lemmas will be needed in the proofs of our results. 
LEMMA 1. ZfxcD(L,), then for t,s~ [to, CO) andO<i<k<n 
k-l 
(i) LiX(t)= C Zj-i(t, S; Ui+r, . . . . Uj) LjX(S) 
j=i 
k-l 
(ii) L,x(t)= C ( -l)‘~iZj~i(~, 2; uj, . . . . ui+l) Ljx(s) 
j=i 
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This lemma is a generalization of Taylor’s formula with remainder encoun- 
tered in calculus. The proof is immediate. 
LEMMA 2. Suppose that Q,(t) E 0 for t 2 to and 
I 
00 
a,(s) ds = 00, i = 1,2, . . . . n - 1. 
Zf x E D(L,) is of constant sign and not identically zero for all large t, then 
there exist t, 3 t, and an integer I, 0 < 1 <n with n + I even for x(t) L,x(t) 
nonnegative or n + I odd for x(t) L,x(t) nonpositive and such that for every 
t> t, 
and 
I>0 imphes x(t) Lkx(t) > 0 (0 <k < I), 
ldn-1 implies (-l)‘-kx(t)Lkx(t)>O (Z<k<n). 
This lemma generalizes a well-known lemma of Kiguradze and can be 
proved similarly. 
For convenience of notation we put 
Ji[t, s] =Zi(t, s; a,, . . . . a,), 
Ri[t,s]=Zi(t,s;a”-1, . . ..a.-i). 
THEOREM 1. Suppose that the following conditions are satisfied: 
a,(t) > bi(t) for tat,, 1 <i<n-1, (2) 
s 
O” hi(s) ds = 00, l<i<n-1, (3) 
H,(t, x) sgn x 2 H,(t, x) sgn x for (t, x) E [to, 00) x R. (4) 
Moreover, assume that there exists a continuous function 
v: [to, m)+R 
such that 
h(t) = Ql(t>, M,?(t) = Qdt) for t2 to, lim,,, n(t)=0 
and n(t) is oscillatory. (5) 
Zf Eq. (II) is oscillatory, then Eq. (I) is oscillatory. 
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Proof: Let Eq. (II) be oscillatory and let x(r) be any nonoscillatory 
solution of Eq. (I). Assume x(t)>0 and x[g(t)]>O for tat,at,, where 
t, is large. Put 
Y(f) =x(t) - v(t). 
By (I) and condition (5) we have 
Ly(r) + Hl(h Jut)1 + rCg(t)l) = 0 for tat,. 
Thus, 
and consequently L,y(t), 0 < i < n - 1, have to be eventually of constant 
sign. In particular, y(t) is either positive or negative for I 3 t, > fi, where 
t, is sufficiently large. 
Ify(t)<O for tat,, then q(t)> -y(t)>0 for tar*, 
a contradiction to the oscillatory character of q(t). 
Let y(t) > 0 for t 2 t,. By Lemma 2, there exist t3 > t2 and an odd integer 
I, O<l<n-1 such that for tat3 
hfY(t)‘oT O<k<l 
(-lyLky(t)>O, I<k<n. 
(6) 
Thus, in particular, 
y(t)>07 y’(t) >o, and h-lY(t)>O for t> t,. (7) 
Let T2 f3 be sufficiently large so that (n(t)) < c < y(T), where we can 
take c to be a positive constant. 
Applying Lemma l(ii) we obtain 
n-1 
L,y(s)= C (-l)‘-‘Z,-,(t,s;aj,...,a,+,)Ljy(t) 
j=l 
+(-l)“-‘lrZ~-,-,(U,S;a,_, ,..., a,+l) 
s 
x LY(U) LA for t2s>T. 
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Using (2), (4), and (6) and the fact that n-1 is odd we have 
L,y(s)q 4-,-,(4S;Ll, . . . . &+,I 
s 
x Hz(u, vCg(u)l + vCdu)l) dw for s 2 T. (8) 
From Lemma 1 (i) we get 
I-l 
+j’z,-,(z,s;a I,..., a/- 1) a,(s) LY(s) ds for t > T. 
T 
Using (2) and (6) we obtain 
y(r),y(T)+S:l,-,(t,s;b,,...,6,-,) 
x h(s) &Y(S) ds for t >, T. (9) 
Combining (8) and (9) we have 
y(t)~y(T)+l’Z,-,(t,s;b,,...,b,-,)b,(s) 
T 
4 
cc 
Zn-[-l(U,S;b,-l,...,b,+l) 
s 
x ff,(u, A&)1 + rlCg(u)l) du ds 
= c+ @(t, vCdu)l + 1MU)l> t> T, (10) 
where c = y(T). 
Now, it is easy to show the existence of a positive solution to the integral 
equation 
w(t) = c+ @(t, wCdt)l + vCg(t)l)v t 2 T. (11) 
We define w,(t), n =O, 1,2, . . . . such that 
w,(t) = At) for t2T 
c+ @(t, w,Cg(t)l + 1Cdt)l) for t2T 
for t,<t<T. 
409/144/l-12 
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Then we see that w,(t) is well-defined and 
0 < w,(t) d v(t), c d w,+ 1(t) 6 w,(t). (12) 
Thus, by Lebesgue’s theorem of monotone convergence, there exists w(t) 
such that 
w(t) = lim w,(t) for t > T, 
n-+m 
and 
w(t) = c+ @(4 ~Cg(~)l+ rlCg(t)l) for t 2 T. 
If we differentiate (11) n times, we obtain 
M,w(t) + ff*(f, d-d~)l) = Q*(f), t> T. (13) 
Since w(t) + q(t) > c + q(t) > 0, Eq. (13) has an eventually positive solution, 
a contradiction. 
A similar proof covers the case of a negative x(t). This completes the 
proof. 
Remarks. (1) If Q,(t) = Q2(t) =0 and g(t) = t for t > to, then the 
result of Chanturija [ 1) and Theorem 1 are the same. Also, when 
&,x(t) = M,x( t) = x(“)(t) (i.e., a,(t) = bi( t) = 1, i = 1, 2, . . . . n - 1 ), then 
Ql(t) = Q,(C) and for n even, the criterion of Kartsatos and Onose [ 51 and 
Theorem 1 are similar. 
(2) Theorem 1 is applicable to equations of type (I) and (II) where 
the functions H,(t, x) and H2(f, x) need not be increasing in x for t > to. 
As example we can take H2(f, x) to be 
q(r)ssgnx,a>O and B>O, or q(t)lx)“exp(sinx)sgnx, 
c( > 0, . ..) etc., where q(t) > 0 is continuous on [to, 03 ). 
(3) We impose no restriction on the function g(t) which appeared 
in Eqs. (I) and (II) and hence Theorem 1 can be applied to ordinary, 
retarded, advanced and mixed type equations. 
Next, we compare the oscillatory behavior of the homogeneous Eq. (III) 
with that of the forced Eq. (I). 
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THEOREM 2. Let conditions (2)-(4) hold and assume that 
H,(t, x) is nondecreasing in x for each t B t,, (14) 
l?(t) B a(t) for tat,. (15) 
Moreover, let the function q: [to, 03) + R be such that 
&q(t) = Q,(t), t 2 to, lim q(t) =O, and q(t) is oscillatory. (16) f-00 
Then if Eq. (III) is oscillatory, the same property is shared by Eq. (I). 
Proof: Assume that x(t) is a nonoscillatory solution of Eq. (I) such 
that x(t) >O and x[g(t)] >O for t > t,, t, > t,. Then the function 
y(t) = x(t) - r](t), t 2 t, satisfies the equation 
LAt)+H,(t, yCdt)l +vCdt)l)=o> t> t,. 
As in the proof of Theorem 1, we obtain (7). Thus, 
Y(t) > y(td>O for t>t3. 
Now, choose E > 0 and T > t3 such that 
O-=E-=Y(h) and Irl(t)l <E for t 2 T. 
Then we have 
H,(t, vCdt)l + vCdt)l) 2 HA6 yCdt)l + vCdt)l) 
2 H,(t, AAt) - ~1 
2 HA6 vCdt)l - 8) for t 2 T. 
Now, we apply the argument of Theorem 1 to obtain a positive solution 
w(t), t > T, to the equation 
M,w(t)+H,(t, w[o(t)]-e)=O, 
where w(t) satisfies w(T) = y(T) > E and w(t) 2 w(T) for all t 2 T. Thus, if 
we let 
z(t) = w(t) - E for t > T, 
we obtain a positive solution z(t) to Eq. (III), a contradiction to its 
assumed oscillation. The case x(t) < 0 for t 3 t 1 can be proved similarly by 
using transformation v(t) = -x(t), t > t,. This completes the proof of the 
theorem. 
Remark. Theorem 2 includes Corollary 4.2 of Theorem 4.1 in [6] as a 
special case. 
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The following theorem is concerned with the comparison of Eq. (I) with 
the ordinary differential equation 
M,x(t)+ . ! 0 Ca ‘(t)l H,(a-‘(t),x(t))=O, n is even, (IV) 
where 6, H,, and the operator M, are as in Eq. (III) and U- ’ is the inverse 
function of 0. 
THEOREM 3. In addition lo the hypotheses of Theorem 2, assume that 
o(t) G t and a’(t)>0 for t>I,. (17) 
Zf Eq. (IV) is oscillatory, then Eq. (I) is also oscillatory. 
Proof: Applying Theorem 1 in [9], we observe that Eq. (III) is 
oscillatory and by Theorem 2 we conclude that Eq. (I) is oscillatory. 
The following examples are illustrative. 
EXAMPLE 1. Consider the even order equations 
L,x(t)+t’-‘“Ix[f+sin t]lA 
x ln(e + x*[t + sin t]) sgn x[t + sin t] 
sin In t 
=L, - 
( > t ’ 
t > 0, WI) 
L,x(t)+t’-2”lx[t-l]I”sgnx[t-l]=0, t > 0, (E2) 
where 
L,x(t)=x(t), Lkx(t)=(l/t)(Lk--xX(f))‘, k= 1, 2, . . . . n- 1, 
and L,x(t)=(L,_,x(r))‘, I> 1, g(t)=t+sin t, and 
o(t) = t - 1, q(t) = sin In t/t, H2(f, x) = t1-2nl~11 sgn x and 
H,(t, x)= t1-2nl~IA ln(e+x2) sgn x. 
According to Theorem 3.2(i) of Kitomura [7], Eq. (E2) is oscillatory 
and so from Theorem 2 it follows that Eq. (E,) is oscillatory. 
EXAMPLE 2. Consider the even order equations 
L,x(t)+et*(‘-“I’-’ lx[t+sin t]l” 
x exp(sin x[t + sin t]) sgn x[t + sin t] = L, 
cos t 
( > 
- 
J; ’ t’09 (E3) 
L,x(t)+t2(1--n)Ap1 lx[t-l]I”sgnx[t-l]=O, t>o (EJ 
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where L, is defined as in Eq. (E,), I>O, OcI< 1, g(t)=t+sin t, 
a(t)=t-1, q(t)=cos t/J;, H,(t,x)=et2”-“)“P’(lxl”exp(sinx))sgnx 
and H2(t,~)=t2(‘-“)Ap1 Ixl”sgnx. 
By Theorem 3.3(i) of Kitamura [7], we observe that the Eq. (E4) is 
oscillatory and by Theorem 2 we conclude that Eq. (E,) is oscillatory. 
As applications to Theorem 3 we will generalize the criteria of Kusano 
and Naito [S] and Trench [lo] to more general equations of type (I). 
THEOREM 4. Let conditions (2~(4) and (15~(17) hold and 
H,(t, xl --q(t)>0 for x#O and t>tO, 
X 
where q(t) is continuous on [to, a~). Zf 
i mJi-lCa(s), TIKnpi-lIla(s), Tlq(s)ds=~, (19) 
for all large T with o(t) > T and i = 1, 3, . . . . n - 1, then Eq. (I) is oscillatory. 
Proof Take CT(S) = U, then condition (19) reduces to 
(20) 
Now, condition (20) is sufficient for the oscillation of Eq. (IV) (cf. [lo]), 
and hence Eq. (I) is oscillatory by Theorem 3. 
THEOREM 5. Suppose n ~4, conditions (2k(4) and (15t(18) hold and 
the integrals in (19) converge. Define 
qi(t)=bi+I(t)Srn Ji-1Ca(uh tl o-‘(r) 
xKn-i-~CdU)v tI q(U)& i=l,3,...,n-3; (21) 
q,- I(t) = L-2(t) Irn Jn-xCdu), tl q(u) du. (22) 
o-'(t) 
Then Eq. (I) is oscillatory if the second order equations 
(~Y.(‘))‘+qi(t)y(t)=O, i=l,3,...,n-1, (23) 
are oscillatory. 
Proof: Take a(u) = s and use condition (17); then the functions qi( t) in 
(21) and (22) reduce to 
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do --‘b)l & 
x o.[a-l(s)] ’ 
i= 1,3, . . ..n-3. 
q.-,(t)=b,-,(t)JYJII-3Cs, tl f.~o:$);ds. f 
Now, applying Theorem B in [8] we conclude that Eq. (IV) is oscillatory 
and hence Eq. (I) is oscillatory by Theorem 3. 
Remark. If a,(t)=b,(t), i=l,2, . . . . n- 1, H,(t,x)=H,(t,x), and 
g(t)=o(t), then the conditions (2), (4), (14), and (15) are discarded. 
For illustration we consider the following examples. 
EXAMPLE 3. Consider the even order equation 
0%) 
where L, is defined as in Eq. (E i ), c is a positive constant, qi( t) = bi (t) = t, 
i = 1, 2, . . . . n- 1, q(t)=cP2”, a(t) = g(r) = t/2 and q(t) = sin In t/J?. Since 
a(t) is an increasing function for t > 1, a-‘(t) = 2t. According to 
Theorem 3, Eq. (Es) is oscillatory if the equation 
L,x(t) + 22- 2nCt1 -2”x(t) = 0, t>1 (Ed 
is oscillatory. So, it is enough to show that Eq. (E6) is oscillatory. It is easy 
to check that 
Ji[cr(U), t] = K,[a(u), t] =A (a2(u) - t2)‘, i= 1, 2, . . . . n- 1. 
Thus, 
J 
cc 
t f 23n-s(i$‘(;-i-2)! (U2-t2Y--du, 
i = 1, 3, . . . . n - 3; 
4itt) = 
J 
m 
t 
f 
23,,$;y3j, (u2-t2)“--du, 
i=n-1, 
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or 
1 
Cd n-3 1 
23wyn-3y i- 1 tj? 
( > 
i = 1, 3, . . . . n - 3; 
4iCt)= 
cd 1 
23(n-yn - 3)~ fj? . i=n-1, 
where 
n-3 
6= 1 (-l)‘& *T3 . 
r=O ( > 
Now, applying Theorem 5 (or Theorem B in [8]), we conclude that 
Eq. (E,J is oscillatory if the set of second order ordinary differential 
equations 
( ) f.Ya(t) ‘+qi(r).Y(t)=o, i= 1,3, . . . . n- 1, 
is oscillatory. 
It is easy to check that Eqs. (ET) are oscillatory by Theorem 4 in [3] if 
C>23n-8 (n - 3)!/6, and, thus, we conclude that Eq. (E,) is oscillatory. 
We may note that Theorem B in [S] and Theorem 5.1(i) are not 
applicable to Eq. (ES). 
EXAMPLE 4. Consider the Eqs. (E,) and 
L,x(t)+cP*“x[t+sin t] ln(e+x*[t+sin 1) 
sin In t 
=L, - 
( > J; ’ t’lT 
where L, is defined as in Eq. (E,) with a,(t) = t, i = 1,2, . . . . n - 1, c is a 
positive constant, g(t) = t + sin t, o(t) = t/2, and q(t) = sin In t/fi. Here 
L,=M,,, H,=H,, andg(t)aa(t) for t>l. 
All conditions of Theorem 1 are satisfied and hence Eq. (E,) is 
oscillatory if Eq. (E,) is oscillatory. Thus, we conclude that Eq. (E,) is 
oscillatory if 
c>23”p8(n-3)! n-3 
6 ’ 
whereS= 1 (-l)r& 
r=O 
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We may note that the oscillatory character of Eqs. (E5) and (Es) is not 
discernible from previously known oscillation criteria. 
Remark. Theorems 4 and 5 include Theorem 1 due to Trench [lo] 
and Theorem B Kusano and Naito [8]. Also, Theorem 5 improves 
Theorem 5.1(i) of Kitamura [ 71 (see Examples 3 and 4 above). 
3. FURTHER RESULTS 
In Theorem 2, we proved that the oscillation of the unforced Eq. (III) 
implies the oscillation of the forced Eq. (II). The converse of this theorem 
seems, in general, not true and for illustration we consider the equations 
sin In t 
f(t)+$X(t)=--;j-, t > 0, 
and 
2(t)+&x(t)=O, 
All conditions of Theorem 2 are satisfied with H,(t, x) > H2(t, x) and 
g(t) = n(t) = t. We observe that Eq. (E,,) is nonoscillatory while the forced 
Eq. (E,) is oscillatory. 
Next, we consider Eq. (E,) and 
Z(t)+$x ; =o, [I t > 0. 
All conditions of Theorem 2 are satisfied with H,(t, x) = H,(t, x) and 
g(t) > o(t). Again, we see that the unforced Eq. (E,, ) is nonoscillatory and 
the forced Eq. (E,) is oscillatory. 
Therefore, the purpose of the following result is to prove under some 
conditions that Eq. (II) is oscillatory if and only if Eq. (III) is oscillatory, 
or, we only need to show that the oscillation of the forced Eq. (II) implies 
the oscillation of the unforced Eq. (III). 
In [2], Grace and Lalli considered Eqs. (II) and (III) with g(t) = a(t) = t 
for t 2 to and proved the following comparison theorem. 
THJIOREM 0. Let conditions (3), (14), and (16) hold. Then Eq. (II) is 
oscillatory if and only if Eq. (III) is oscillatory. 
In the following theorem we are able to extend Theorem 0 to Eqs. (II) 
and (III) with g(t) = o(t) for t 2 t,. 
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THEOREM 6. Suppose that g(t) = o(t) and g’(t) 2 0 for t > t,, conditions 
(3), (14), and (16) are satisfied. 
Equation (III) is oscillatory ifund only if Eq. (II) is oscillatory. 
Proof: The if part follows from Theorem 2. Now, assume that Eq. (II) 
is oscillatory. Let x(t) be a nonoscillatory solution of Eq. (III), say x(t) > 0 
and x[ g( t)] > 0 for t > tl > t, and t, is sufficiently large. By Lemma 1, 
there exist t, 2 t, and an odd integer 1, 1 < I< n - 1 such that for t > t, 
MkX(t) > 0 (k = 0, 1, . ..) I), 
and 
(-l)‘-kMkX(t)>O (k = 1, 1+ 1, . ..) n). 
In particular, we have 
x(t)>0 and x’(t) > 0 for t> t,. 
Given E > 0, there exists T 2 t, such that 
x(T) < 2e, xCg(T)l ’ 2~9 
Iv(t)1 <E and hMt)ll <E for t > T. 
Consider the function u(t) = x(t) + q(t). Then 
M,u(t) + H2(t, a(t)1 - vCdt)l) = Qz(t), t> T. 
Now, 
h?(t)1 - E = xCdt)l + 1Cdt)l - 83 2 -a-g(t)1 - 2.5 
>x[g(T)]-2&>0 for t B T. 
Since the function H,(t, x) is nondecreasing in x for t > t, and 
H( t, x) sgn x = sgn x we obtain 
H2(t, ~M~)l -f?Cdt)l) 2 H*(t, G(t)1 -E) > 0 for t>T 
Thus, 
M,u(t) + H*(t, 43t)l -E) G cut) for t > T. 
Consider the transformation 
Then 
u(t) = u(t) - r](t) for t 3 T. 
Mno(t) + ff*(t, dxt)l + a(t)]) so for t 3 T, 
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where 
Now, we apply the argument of Theorem 1 to obtain a positive solution 
w(t), r > T, with 0 < w(T) < u(T) = x(T) - E, to the equation 
M,w(t) + HA& wCdt)l + vrt-g(t)l) = 02 t > T. 
Letting z(t) = w(t) + q(t), t 3 T we obtain a positive solution z(t) to the 
Eq. (II) with Z(T) = w(T) + q(T) < x(T) - E + E = x(T), a contradiction to 
the oscillatory character of Eq. (II). 
The proof for the case x(T) ~0 for t > t1 is similar and hence is 
ommitted. This completes the proof of the theorem. 
Remark. Theorem 6 extends Theorem 2 of Kartsatos [4] and the result 
of the present author and Lalli in [2]. 
Remarks. (1) The results of this paper are of high degree of generality. 
Also, the results presented here are extendable to equations with n odd. 
(2) From the proofs of our results we observe that the results may 
remain valid if we replace the condition “q(t) + 0 as t --) co” with q(t) 
bounded on [t,, co ). The details are left to the readers. 
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